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Room temperature chiral discrimination in paramagnetic NMR spectroscopy
Alessandro Soncini∗ and Simone Calvello
School of Chemistry, University of Melbourne, VIC 3010, Australia
A recently proposed theory of chiral discrimination in NMR spectroscopy based on the detection
of a molecular electric polarization P rotating in a plane perpendicular to the NMR magnetic field
[A. D. Buckingham, J. Chem. Phys. 140, 011103 (2014)], is here generalized to paramagnetic sys-
tems. Our theory predicts new contributions to P , varying as the square of the inverse temperature.
Ab initio calculations for ten Dy3+ complexes, at 293K, show that in strongly anisotropic param-
agnetic molecules P can be more than 1000 times larger than in diamagnetic molecules, making
paramagnetic NMR chiral discrimination amenable to room temperature detection.
Despite its central role in biological processes and in a
wide range of chemical reactions, chirality, the property
of molecules lacking improper symmetry elements to be
distinguishable from their mirror image (or enantiomer),
remains a challenging property to detect and quantify [1],
making the development of new spectroscopic techniques
to achieve this goal a strategic research field [2–9].
Magnetic resonance spectroscopies, despite being
among the most useful characterization techniques due
to their high sensitivity to tiny details of the geometri-
cal and electronic structure of molecules, are blind to
chirality. However, it has been recently proposed by
Buckingham [3, 9] and Fischer [5] that NMR could be
used to achieve chiral discrimination for closed-shell chi-
ral molecules via a minor modification of the experimen-
tal set up, so to make it fit for the detection of a rotating
average electric polarization P induced by the combined
effect of the NMR magnetic fieldB, and the nuclear mag-
netic dipole momentmI associated to a nucleus I of the
chiral molecule, rotating in the plane perpendicular to B
following a resonant π/2 radiofrequency pulse. In par-
ticular, the induced P is always oriented along B ×mI
(thus rotating withmI), points in opposite directions for
the two enantiomers (hence its chirality-sensitivity), and
is proportional to the pseudoscalar σ(1), isotropic aver-
age of a third-rank tensor σijk (i, j, k = x, y, z) known
as shielding polarizability [3, 5, 10]. However, computa-
tional estimates of σ(1) in diamagnetic molecules suggest
that it is generally too small to be detected [9, 11, 12].
In this Letter we propose a theory of paramagnetic
NMR chiral discrimination which is valid for molecules
with a ground state of arbitrary degeneracy. We describe
the response of the degenerate system in terms of a gen-
eralized shielding polarizability tensor Φijk defined by
analytical third–derivatives of the free energy, reducing
to σijk in the limit of a non-degenerate ground state.
The proposed free-energy response theory features previ-
ously unexplored terms proportional to the square of the
inverse temperature β = 1/kBT , so that σ
(1) becomes
σ(1) + β2σ(1p). Finally, we present ab initio calculations
showing that β2σ(1p) yields a contribution to P at 293K
that is orders of magnitude larger than in closed-shell
molecules, potentially observable at room temperature.
Theory. Let us consider an ensemble of nuclear mag-
netic moments mI = µNgII, with µN the nuclear mag-
neton, gI the g-factor of the probed nucleus I, and I the
nuclear spin in units of h¯. In a pulsed NMR experiment,
the nuclear moments mI , partially aligned along a mag-
netic field B = B0uz, are flipped in the xy-plane perpen-
dicular to B by a radiofrequency π/2-pulse in resonance
with the nuclear Larmor frequency ωI = µNgI(1−σ)|B|.
Here σ is the nuclear shielding constant, the isotropic av-
erage of the shielding tensor σ describing the departure
from B of the local magnetic field at nucleus I due to
surrounding electrons. The coherent in-plane precession
of mI gives rise to a free-induction decay (FID) signal
picked up by a coil with axis in the xy-plane, whose
Fourier transform provides the NMR spectrum.
The combined effect of B andmI on the electrons of a
diamagnetic molecule has been shown to induce an elec-
tric dipole polarization [3, 5, 9], which can be obtained by
expanding the energy of the moleculeW (E,B,mI) ≡W
in a power series of B, mI , and an external electric field
E, thermally averaged over all molecular orientations in
the presence of B andmI [9]. Truncation of the ensuing
power series to leading order in the inducing fields yields
the average induced polarization Pi ≡ P d,i as [3, 5, 9]:
P d,i = −
〈
∂W
∂Ei
〉
≈ −〈σijk + βµ¯iσjk〉rotBjm
I
k (1)
where subscript d stands for diamagnetic, i = x, y, z are
defined with respect to the laboratory frame, sum over
repeated indices is implied, µ¯ is the ground state electric
dipole moment of the molecule, 〈. . . 〉 stands for thermal
average over all orientations, 〈. . . 〉rot stands for pure ro-
tational average (i.e. isotropic average), σij is the nuclear
shielding tensor, and σijk the shielding polarisability ten-
sor defined as an energy third-derivative at zero-fields:
σijk =
∂3W
∂Ei∂Bj∂mIk
∣∣∣∣
0
. (2)
The pseudoscalar σ(1) [5, 9] is evaluated by contraction of
σijk +βµ¯iσjk with the Levi-Civita totally antisymmetric
tensor ǫijk [13], leading to 〈σijk + βµ¯iσjk〉rot = σ
(1)ǫijk,
with σ(1) = 16ǫabc (σabc + βµ¯aσbc), a, b and c defined with
respect to the molecule-fixed frame.
2In molecules with a degenerate ground state more than
one level is populated after the NMR fields partially split
the degeneracy. We thus proceed to define a perturba-
tive expansion of the electronic free energy [14] as re-
cently proposed for pNMR chemical shifts [15–17], as-
suming that electrons are in thermal equilibrium with
the NMR fields (i.e. electronic spin-lattice relaxation is
fast compared to the NMR dynamics). The electronic
free energy F
(
E,B,mI
)
≡ F reads:
F = −β−1 ln 〈Tr ρ〉rot (3)
where ρ = e−βH is the equilibrium statistical operator in
the presence of the external fields, fully defined by the
molecular Hamiltonian:
H = H0 + λV1 + λ
2V2, (4)
〈Tr ρ〉rot is the rotationally averaged partition function.
Here H0 is the molecular electrostatic Hamiltonian, V1 is
the sum of the Zeeman Vzee, hyperfine Vhf and electric
dipole/field interaction Vel Hamiltonians, and V2 is the
term bilinear in B and mI , responsible for the diamag-
netic contribution to the nuclear shielding tensor [18]:
V1 = Vzee + Vhf + Vel and V2 = VD (5)
with
Vzee = −M ·B
Vhf = F ·m
I
Vel = −µ ·E
VD = B ·D ·m
I
(6)
where M = µB (L+ 2S) is the electronic magnetic
dipole operator (µB the Bohr magneton, in atomic units
α/2, with α the fine structure constant), µ is the elec-
tric dipole operator, F is the hyperfine field induced by
the electrons at the site of nucleus I, consisting of Fermi
contact, spin-dipolar and nuclear spin-electron orbit con-
tributions, and D is the diamagnetic shielding operator.
The average electric polarization P i is thus defined as:
P i = P d,i + P p,i = −
∂F
∂Ei
, (7)
where P p,i is the new paramagnetic contribution to P i,
while P d,i follows from Eq. (1). To obtain an analytical
expression for Eq. (7) in weak fields, we expand ρ in
Eq. (3) in powers of λ:
ρ = ρ0 + λρ1 + λ
2ρ2 + λ
3ρ3 + . . . (8)
where ρ0 = e
−βH0 , and:
ρn = −
∫ β
0
dωe(ω−β)H0 [V1ρn−1 (ω) + V2ρn−2 (ω)] . (9)
Substituting Eq. (8) into Eq. (3), we obtain:
F = F0 + λF1 + λ
2F2 + λ
3F3 + . . . . (10)
Neglecting contributions to P in Eq. (7) that are not
bilinear in B and mI , thus could not describe a rotat-
ing polarization in the pulsed NMR experiment, and ac-
counting for rotational averaging in the fast spin-lattice
relaxation limit, we obtain to leading order in the fields:
P i ≈ −
∂F3
∂Ei
= −ΦijkBjm
I
k (11)
where we have introduced the generalized shielding po-
larizability Φijk, a third-rank tensor defined by:
Φijk =
∂3F
∂Ei∂Bj∂mIk
∣∣∣∣
0
=
∂3F3
∂Ei∂Bj∂mIk
, (12)
and where the relevant free-energy contribution F3 reads:
F3 = −β
−1
〈
Tr ρ3
Tr ρ0
〉
rot
. (13)
To evaluate Φijk we thus first need an explicit expres-
sion for F3 as function of the NMR fields. To obtain Tr ρ3
we use Eq. (9) with n = 3, leading to:
Tr ρ3
Tr ρ0
=
β
2
〈∫ β
0
du T [V1(u)V2(0) + V2(u)V1(0)]
〉
0
−
β
6
〈∫ β
0
∫ β
0
dudv T [V1(u)V1(v)V1(0)]
〉
0
,
(14)
where 〈O〉0 ≡ Tr(ρ0O)/Tr ρ0, the imaginary-time
Heisenberg picture operators Vi(ω) (with i = 1, 2) are:
Vi(ω) = e
ωH0Vie
−ωH0 , (15)
and T [. . . ] represents the imaginary-time-ordering oper-
ator permuting the Vi(ω)’s so that operators with later
imaginary-time arguments are shifted to the left.
We can now evaluate Φijk in Eq. (12), by substitution
of Eq. (14) into Eq. (13), and by carrying out the third
mixed-derivative as prescribed in Eq. (12). We obtain:
Φijk =
1
6
∑
P∈S3
〈∫ β
0
∫ β
0
dudv T [Pµi(u)Mj(v)Fk]
〉
0,rot
+
1
2
∑
P∈S2
〈∫ β
0
du T [Pµi(u)Djk]
〉
0,rot
. (16)
The two terms on the right-hand side of Eq. (16) feature
a sum over all permutations of the operators involved,
with each permutation P switching the operators without
moving their imaginary-time arguments.
Eq. (16) provides a generalization of Buckingham’s
theory to ground states of arbitrary degeneracy, and
hence represents a central result of this Letter. Note that
3we can identify Φijk in Eq. (16) with the shielding polar-
izability tensor σijk in Eq. (1) [3, 5, 10], however here fea-
turing all contributions, both temperature-independent
and temperature-dependent, in a single expression. Tem-
perature dependent contributions were previously dis-
cussed [9] for diamagnetic molecules, as summarized by
Eq. (1). Our result Eq. (16) also includes new contribu-
tions that are non-zero only for paramagnetic molecules,
essentially arising from the NMR paramagnetic shift βσp,
whose theory [19–21] has been recently generalized to
ground states of arbitrary degeneracy [15–17, 22].
Explicit sum-over-states expressions for Φijk can be
derived using the basis H0 |mµ〉 = ǫm |mµ〉, with µ =
1, . . . , dm enumerating degenerate states, by introducing
the resolution of identity I =
∑
m
∑dm
µ=1 |mµ〉 〈mµ| in
between operators in Eq. (16), thus turning the thermal
propagators Eq. (15) into exponential functions of the
integration variables.
For the special but common case of a thermally isolated
ground state (TIGS), |aα〉 (α = 1, . . . , da), this leads to:
Φijk =
1
6
ǫabc
(
σabc + βµ¯aσbc + β
2σpabc
)
ǫijk (17)
where σab and σabc in Eq. (17) are equivalent to the
closed-shell magnetic shielding and shielding polarizabil-
ity tensors in Eq. (1), which are generally small sec-
ond and third order response properties [3, 5, 10]. On
the other hand, the new paramagnetic contribution in
Eqs. (17) features the third rank tensor σpabc:
σpabc = d
−1
a
∑
αα′α′′
ℜ [〈aα|µa |aα
′〉 〈aα′|Mb |aα
′′〉 〈aα′′| Fc |aα〉]
(18)
Since Eq. (18) is independent of inverse energy gaps, it
is expected to give a sizeable contribution to the chiral
polarization Eq. (11). This will be assessed next via ab
initio calculations.
Estimate of the chiral polarization. It follows immedi-
ately from Eqs. (1), (11), (17) and (18) that P p,i for an
ensemble of tumbling molecules with a TIGS reads:
P p,i = −β
2σ(1p)
(
B ×mI
)
i
(19)
where σ(1p) ≡ 16ǫabcσ
p
abc. Since m
I is rotating following
a π/2 pulse, the chiral electric polarization P p,i follows
such rotation, which can be observed as an AC-voltage
induced in a capacitor sandwiching the pick-up coil in a
modified NMR/pNMR experiment [5, 23].
Our aim in this last part is to provide an estimate of
β2σ(1p) at room temperature, and determine the volt-
age that the associated electric polarization Eq. (19) will
produce. We consider here the case of a magnetically
anisotropic Kramers Doublet (KD) ground state with a
non-zero permanent electric dipole moment. As it will
become apparent soon, strong magnetic anisotropy is
found to be an essential property for a chiral paramag-
netic molecule to produce a large rotating electric po-
larization in a pulsed NMR experiment. This property is
commonly encountered in low-symmetry Ln3+ complexes
displaying single-molecule magnet (SMM) behaviour [24],
for which detection of paramagnetic shifts in 1H-NMR
and 13C-NMR experiments has proved very useful in the
elucidation of their electronic structure [25, 26]. The
ground KD can be associated to a pseudo-spin s˜ = 1/2,
so that the magnetic momentMi, and hyperfine field Fi
operators, written in terms of the pseudo-spin operator
S˜, areMi = −µBgijS˜j and Fi = (gIµN )
−1
AIjiS˜j , where
gij and A
I
ji are the Zeeman g-tensor and hyperfine A–
tensor, respectively, collecting the matrix elements of M
and F in the basis of e.g. ab initio KD wavefunctions.
The representation of the electric moment component µi
in the KD basis is forced by time-reversal symmetry to
be a scalar µ¯i times the 2 × 2 identity matrix. Within
this pseudo-spin representation [15], we obtain:
σ(1p) =−
µB
24gIµN
ǫabcµ¯agbdA
I
dc. (20)
Since σ(1p) Eq. (20) is now expressed in terms of the well-
known response tensors gik and A
I
kj , we can proceed with
its evaluation via ab initio methods. We choose here to
avoid accurate evaluation of AIij , which is a non trivial
task for a KD with strong multiconfigurational charac-
ter [27, 28], and invoke instead the well-known dipolar
approximation [19] expressing AIij as the dipolar mag-
netic field induced at the site of the probed nucleus I by
the paramagnetic ion, making it proportional to the g–
tensor itself and the inverse cube of distance RI between
the paramagnetic ion and the probed nucleus I:
AIij ≈
µBµNgI
R5I
gik
(
δkjR
2
I − 3RI,kRI,j
)
. (21)
Introducing polar coordinates for nucleus I with respect
to the reference frame in which the g-tensor is diago-
nal g = diag (gxx, gyy, gzz) (principal axes frame), XI =
RI sinχ cosΩ, YI = RI sinχ sinΩ, and ZI = RI cosχ,
and substituting Eq. (21) into Eq. (20), we obtain:
σ(1p) =
µ2B
8
sinχ
R3I
[
µx
(
g2yy − g
2
zz
)
sinΩ cosχ
+µy
(
g2zz − g
2
xx
)
cosΩ cosχ
+ µz
(
g2xx − g
2
yy
)
sinχ
sin 2Ω
2
]
(22)
Eq. (22) exposes the fundamental role that magnetic
anisotropy plays in the physics predicted here. The pseu-
doscalar σ(1p) is in fact proportional to the difference be-
tween the squares of the g-tensor principal components.
If the system is magnetically isotropic (gzz ∼ gxx ∼ gyy),
σ(1p) ∼ 0. If instead it features a large easy-axis mag-
netic moment M0 (gzz ∼ 2M0, gxx ∼ gyy ∼ 0), the effect
4is maximal, with σ(1p) ∼
µ2
B
4
sin 2χ
R3
I
M20µ⊥ , where µ⊥ is
the component of µ¯ perpendicular to the plane defined
by the easy-axis and the probed nucleus.
As discussed in [9], in a diamagnetic sample the dom-
inant mechanism responsible for the rotating chiral po-
larization is related to the temperature-dependent par-
tial orientation of µ¯ under the effect of the rotating field
B ×mI . This is driven by the antisymmetric part of
the nuclear shielding σ, which is a generally small sec-
ond order response property. While also in paramagnetic
molecules partial orientation of µ¯ under B ×mI is the
dominant effect, Eq. (22) shows that this is now driven
by an altogether different mechanism which is itself tem-
perature dependent (hence the overall β2 dependence),
based on the anisotropy of the first order Zeeman energy
of the paramagnet in the strong NMR magnetic field. In
other words, the new mechanism found here is based on
the tendency of the molecule to partially align its princi-
pal magnetic axis (if any) along the external field. This
is a first order effect and thus a much larger orientational
driving force than that active in a diamagnetic sample.
Guided by this insight, in order to estimate β2σ(1p)
for promising candidate systems, we considered ten of
the Dy3+ complexes studied in [29], which we label here
1–10 (see Supplementary Material (SM) [30] for more
information on their chemical structure). In these sys-
tems the ground 6H 15
2
spin-orbit multiplet of Dy3+ is
split by the low-symmetry crystal field into eight KDs,
with a strongly anisotropic ground KD consisting of an
almost pure MJ = ±15/2 atomic doublet, thus all ex-
cellent candidates to observe the predicted effect. We
performed ab initio calculations using Molcas 8.0 [31]
to determine the g-tensor principal axes, and the electric
dipole moment components with respect to such axes,
within the well-known CASSCF/RASSI–SO approxima-
tion [32]. Note that in ionic systems (e.g. complex 6)
the electric dipole µ¯ is origin dependent. However, since
the observable polarization results from the torque ap-
plied to the molecule by the rotating field B ×mI , the
detectable µ¯ is that computed with respect to the centre
of mass. The results for β2σ(1p) at 293K for all nuclei
of all complexes using Eq. (22), are reported in Tables
XIII–XXII of the SM [30], with details of calculations.
Our largest estimate for protons at 293K is obtained for
complex 6 [33], [Dy(paaH*)2(NO3)2(MeOH)]
+ (paaH∗ =
N–(2–pyridyl)acetoacetamide), where for H22 we obtain
β2σ(1p) = 7.33 ·106 ppm au (1 ppmau = 10−6 e a0E
−1
h ∼
2 · 10−18mV−1). In fact 1–10 all display similar easy-
axis anisotropy, but 6 also features the largest µ⊥ ∼ 20D.
Note that the largest pseudoscalar obtained in closed-
shell molecules for protons is σ(1) = 8.75 · 102 ppmau in
(2R)-2-methyloxirane [12], which, even assuming a pure
chiral liquid, generates an AC-voltage V smaller than
the threshold for experimental detection (1µV), and in a
dilute solution (0.1M), it generates V < 1nV. Our result
is 104 times larger, and conservatively assuming a 0.1M
solution, and an NMR field of 14.1T, we obtain a chiral
polarization P ∼ 8.4 fCm−2, and a voltage V ∼ 15.2µV,
well above the 1µV threshold (see SM [30] for details of
calculation of P and V ). Higher solubilities, thus higher
P and V , can be achieved with appropriate choice of
ligands, e.g. Na9[Ln(W5O18)2] SMMs achieve > 0.1M in
water [34], and Ln bis-octa(ethyl)tetraazaporphyrin are
highly soluble in common organic solvents [35]. In fact,
we find that 1–10 are all suitable for 1H-NMR chiral
discrimination, with maximal P ( fCm−2) and V (µV),
reported as (P, V ): (1.3, 2.3) for H24 in 1, (1.9, 3.4) for
H11 in 2, (1.5, 2.7) for H15 in 3, (1.9, 3.4) for H1 in 4,
(2.8, 5.0) for H8 in 5, (1.8, 3.3) for H22 in 7, (3.4, 6.1) for
H16 in 8, (5.2, 9.3) for H20 in 9, and (4.2, 7.6) for H18 in
10. Considering more exotic nuclei, the highest value for
a diamagnetic system was obtained for 125Te [23], with
σ(1) = 8.28 ·104 ppmau (in a 0.1M solution, V ∼ 18 nV),
while our best result is β2σ(1p) = 2.74 · 107 ppmau for
17O (O1 in complex 6).
We conclude by noting that while 3d-complexes
are generally less anisotropic than 4f systems, low-
coordination environments can trigger unquenched or-
bital angular momentum, as recently discussed for SMMs
based on e.g. Fe+ [36]. Suitable candidates for detection
of the chiral polarization could also be e.g. chiral ver-
sions of trigonal bis-trispyrazolylborate chelates of Co2+
having g2‖ − g
2
⊥ ∼ 71 [37–39], only 5.6 times smaller than
in the Dy3+ complexes shown here, where g2‖−g
2
⊥ ∼ 400.
Since our proposal specifically addresses chiral molecules
with strong magnetic anisotropy, it could provide an al-
ternative route to direct chiral discrimination in solution
for these specific systems when other techniques such as
circular dichroism are not viable (e.g. if ligands have no
chromophores). Despite the specificity of the proposed
approach, we note that synthesis and characterization
of enantiomerically pure magnetically anisotropic com-
plexes is strategic in several research areas, among which
enantioselective catalysis [40], indirect chiral discrimina-
tion via NMR using chiral Ln3+ shift reagents [40], and
stereoselective binding of DNA chains aimed at inhibiting
particular biological functions [41]. We further note that
the method could extend the current scope of Ln3+ shift
reagents, to include direct chiral discrimination of chiral
analytes, via the use of achiral Ln3+ shift reagents.
We hope these results will encourage experimentalists
to gauge our predictions, and design the first experiment
to achieve chiral discrimination in pNMR spectroscopy.
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Computational details
All calculations were performed with the molcas-8.0 program [1].
Computational model. As probe molecules, we chose ten Dy3+ complexes with strongly
anisotropic easy-axis ground states (see Table I for names, using the experimental geometries
from Ref. [2] and reported below in Tables III–XII. Crystallographic data for these molecules show
that they do not possess symmetry (C1 group).
Compound
1 [Dy(acac)3(H2O)2]
2 [Dy(acac)3(dppz)]
3 [Dy(acac)3(dpq)]
4 [Dy(acac)3(phen)]
5 [Dy(hfac)3(dme)]
6 [Dy(paaH*)2(NO3)2(MeOH)]
+
7 [Dy(tfpb)3(dppz)]
8 [Dy(tta)3(bipy)]
9 [Dy(tta)3(phen)]
10 [Dy(tta)3(pinene-bipy)]
TABLE I: The ten Dy complexes 1–10 for which ab initio calculation of the chiral polarization was carried
out. Acronyms used above: acac = acetylacetonate, dppz = dipyridophenazine, dpq = dipyridoquinoxaline,
phen = 1,10-phenanthroline, hfac = hexafluoroacetylacetone, dme = dimethoxyethane, paaH* = N-(2-
Pyridyl)acetoacetamide, tfpb = 4,4,4-trifluoro-1-phenyl-1,3-butandionate, tta = tetradecylthioacetate, bipy
= 2,20-bipyridine, pinene-bipy = 4,5-pinene bipyridine.
Basis sets. ANO-rcc basis sets from the molcas-8 basis set library are used with the following
contractions: VTZP on Dy, VTZ on N and O and VDZ on other nuclei.
CASSCF. The active space consists of the seven valence 4f orbitals of the Dy3+ ion, occupied by
9 electrons. For a given spin, CASSCF calculations are averaged over all the roots that derive from
2the 4fn electron configuration. For Dy3+ we optimised the average energy of the 21 CASSCF roots
with S = 5/2 (from the free ion terms 6H, 6F, 6P), in accordance with previous calculations [2].
RASSI. In this step the spin-orbit coupling Hamiltonian was diagonalized in the basis of the
optimized CASSCF wave functions to yield the twofold degenerate ground state. Electric dipole
components were also calculated. The module SINGLE ANISO [3] has been used to compute the
principal magnetic axes and related g-tensor principal components.
All calculations have been performed using the Dysprosium atom as the origin of the coordinate
system. Since the rotating electric polarization formula requires all properties to be calculated at
the center of mass, the electric dipole moment µ (expressed in a.u.) calculated in the former
coordinates has to be translated into the center of mass using the formula:
µ
′ = µ−QCmass (1)
where Q is the total charge of the molecule and Cmass is the coordinate of the center of mass
expressed in atomic units.
Compound CM Coordinates Dipole Moment
x y z x y z
1 -0.735 0.588 -0.078 1.997 -0.756 0.226
2 2.058 -1.826 -1.538 1.173 -1.536 -1.426
3 1.425 1.790 0.547 1.726 2.182 0.433
4 0.937 -0.264 0.860 2.188 -0.409 2.132
5 -0.687 -0.379 0.690 3.442 2.597 -2.092
6 0.611 -0.442 0.147 7.511 -0.739 -1.755
7 0.072 -0.913 0.174 -1.280 -2.357 -1.497
8 0.632 -0.032 0.371 5.925 -1.077 -3.770
9 -0.662 -0.239 0.219 -7.391 0.034 -0.735
10 -0.871 0.414 -0.310 -1.532 7.161 -1.903
TABLE II: Center of mass (CM) coordinates, in a.u., and dipole moment µ′, expressed in a.u., translated
(for the ionic molecule 6) in the center of mass for the studied compounds.
Pseudoscalar and voltage
Using Eq. P22, the paramagnetic contribution to the pseudoscalar, β2σ(1p), calculated at T =
293 K, was computed for all non-lanthanide atoms of the ten probe complexes, and reported below
3in Tables XIII–XXII. The rotating polarization and the induced voltage were calculated using the
following formulae [4, 5]:
V I = P Iy
d
(ǫ− 1)ǫ0
=
N I(β2σ(1p))(h¯γIBz)
2II(II + 1)
3kT
d
(ǫ− 1)ǫ0
(2)
where ǫ is the dielectric constant of the medium, ǫ0 is the permittivity of free space, and d is
the separation between the two plates of the capacitor sandwiching the NMR pick-up coil for the
chiral polarization detection. For the nucleus I γI is the gyromagnetic ratio, I
I is the nuclear
spin and N I = M · NA, where M is the molarity and NA is Avogadro’s number, is the number
density, approximable to N I ≈ 1028m−3 for a pure chiral liquid [4]. We assumed a 0.1M solution
of our complex in an appropriate solvent, as a conservative estimate of a suitable concentration
obtainable in practice (see text for further comments on solubility), yielding a number density of
N I = 6.022 · 1025m−3. In the calculations performed, the ratio d(ǫ−1) was set equal to 0.016 m and
Bz was set to 14.1 T, as suggested in previous works [4, 5].
The highest value of β2σ(1p) obtained for the hydrogen atoms, which constitute the easiest and
the most frequently measured NMR nucleus, consists of 7.33 ·106 ppm au for H22 in complex 6, 10
4
times larger than the largest value obtained for diamagnetic systems, in (2R)-2-dimethyloxirane [6].
Including all the nuclei, the highest value increases to 2.74 ·107 ppm au for an oxygen atom (O1) in
complex 6, to be compared with the highest previous estimate of 8.28 · 104 ppm au for a tellurium
nucleus in 1,2-M-ditellurin [6].
The maximum voltage we obtained consists of 15.2 µV, induced by the resonant precession of
H22 in complex 6 (see table XVIII), well above the experimental threshold of 1µV.
4GEOMETRIES
Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 -1.46448 -3.94277 2.05137 H1 -0.68899 -4.00038 2.61444
O1 -0.66534 -1.90736 1.18518 C2 -1.17322 -3.02569 0.88540 H2 -1.68698 -4.81693 1.72281
O2 -1.06398 -1.42002 -1.51292 C3 -1.50151 -3.43635 -0.39120 H3 -2.20169 -3.59310 2.55691
O3 -0.76256 0.82638 2.09716 C4 -1.44490 -2.62318 -1.51845 H4 -1.78026 -4.31627 -0.50514
O4 -2.02054 1.11207 -0.34927 C5 -1.87094 -3.19417 -2.85478 H5 -2.74477 -2.86794 -3.07935
O5 1.08251 2.00888 0.37000 C6 -1.15415 2.47835 3.73505 H6 -1.89110 -4.15336 -2.80168
O6 0.21421 1.09558 -2.10487 C7 -1.37365 1.89584 2.37107 H7 -1.24523 -2.92556 -3.53180
O7 1.79374 -0.47691 1.57270 C8 -2.23926 2.54748 1.49714 H8 -1.52805 1.89226 4.39769
O8 1.77346 -1.16850 -1.08149 C9 -2.56018 2.09511 0.22276 H9 -1.57997 3.33661 3.78926
C10 -3.64352 2.82205 -0.55492 H10 -0.21169 2.57768 3.89214
C11 1.45860 4.32104 0.63649 H11 -2.62944 3.34059 1.78476
C12 1.03189 3.12781 -0.18986 H12 -3.37471 2.90947 -1.47199
C13 0.62121 3.33761 -1.51071 H13 -3.77964 3.69224 -0.17548
C14 0.25490 2.33232 -2.38463 H14 -4.46189 2.32139 -0.50846
C15 -0.07738 2.70007 -3.80504 H15 0.98537 4.31806 1.47170
H16 1.26005 5.12864 0.15749
H17 2.40280 4.27236 0.80353
H18 0.59174 4.21276 -1.82045
H19 0.62128 2.39093 -4.38692
H20 -0.15758 3.65449 -3.87805
H21 -0.90759 2.28961 -4.05615
H22 2.09150 -1.30637 1.90977
H23 1.69868 -1.55472 -1.95099
H24 1.88696 0.13997 2.24164
H25 2.66661 -1.27856 -0.83369
TABLE III: Experimental geometry, used in calculations, for complex 1. All coordinates are expressed in
A˚.
5Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 1.93717 -2.65581 -1.17994 H1 5.88651 -7.12522 -2.60195
O1 -1.32985 1.41244 1.21864 C2 5.96298 -6.50784 -3.29283 H2 7.49440 -5.97818 -6.08490
O2 0.17925 -0.63848 2.21859 C3 5.19834 -5.35245 -3.27205 H3 -2.80444 2.10705 -2.99414
O3 2.19456 0.39502 0.61607 C4 2.60130 -3.78727 -1.21760 H4 -4.14306 1.29725 -2.90324
O4 -1.36991 0.44785 -1.80848 C5 6.93650 -5.80512 -5.36026 H5 -3.03104 0.86254 -3.91877
O5 0.51316 2.17971 -0.71113 C6 -3.20044 1.23820 -3.04998 H6 6.37014 -4.09271 -6.00698
O6 -1.83849 -1.41503 0.16804 C7 2.83080 0.39631 1.68226 H7 3.66050 -0.97368 -4.94210
N1 1.04131 -2.33454 -0.19038 C8 0.97764 -0.40450 3.09258 H8 2.77882 -5.61325 -0.27869
N2 1.38791 -0.49107 -2.08639 C9 -0.14429 3.24699 -0.74360 H9 2.82112 0.17596 3.70294
N3 4.32928 -5.18625 -2.26950 C10 6.25165 -4.70347 -5.31481 H10 2.46858 0.94822 -4.72782
N4 4.65260 -3.26447 -4.25382 C11 3.82084 -3.08899 -3.26036 H11 1.02676 1.18226 -2.97986
C12 3.02033 -1.83005 -3.22920 H12 7.34870 -7.52497 -4.34473
C13 3.10494 -0.84880 -4.20707 H13 -1.67225 4.24868 -0.09948
C14 2.34351 -4.79263 -0.25661 H14 1.22541 -5.12877 1.34331
C15 -3.00231 -1.35556 -0.23843 H15 -2.84152 2.48644 2.69909
C16 3.61088 -4.05303 -2.26820 H16 -3.49293 3.37562 1.58486
C17 2.13509 -1.59265 -2.20847 H17 -2.30259 3.93579 2.43677
C18 2.29085 0.07129 2.94583 H18 4.59173 0.81811 0.79529
C19 5.35924 -4.37384 -4.28888 H19 4.74608 0.43949 2.30950
C20 2.38929 0.27061 -4.09539 H20 4.20478 1.85404 1.90692
C21 -2.58465 0.33394 -1.99029 H21 -0.25470 -0.12628 4.70289
C22 -1.68711 2.60056 1.01346 H22 1.22404 -0.43124 5.12495
C23 1.53521 0.40630 -3.03310 H23 0.29935 -1.59026 4.61588
C24 6.83296 -6.74882 -4.32914 H24 0.21776 -3.12530 1.39006
C25 -1.20389 3.45543 0.03039 H25 -3.61851 -2.84975 0.99398
C26 1.43438 -4.49707 0.69269 H26 -4.48001 -2.74671 -0.31115
C27 -2.67105 3.14973 2.02640 H27 -4.68281 -1.70791 0.84593
C28 4.21487 0.92401 1.67317 H28 -4.30879 -0.44326 -1.42798
C29 0.51538 -0.66146 4.51459 H29 1.27219 4.33623 -1.71368
C30 0.82728 -3.29608 0.70828 H30 -0.04749 5.14400 -1.46175
C31 -4.04167 -2.24539 0.37842 H31 0.00458 4.06350 -2.59676
C32 -3.39771 -0.48301 -1.24358
C33 0.30930 4.29138 -1.71628
TABLE IV: Experimental geometry, used in calculations, for complex 2. All coordinates are expressed in
A˚.
6Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 3.40693 0.06819 0.68587 H1 3.26932 -0.83997 0.53907
O1 0.77990 1.00205 -1.93607 C2 4.68842 0.50894 0.95107 H2 5.39802 -0.09191 0.94475
O2 1.36124 -1.55616 -1.03631 C3 4.90786 1.80228 1.21468 H3 5.77029 2.10488 1.38990
O3 -1.38343 -1.79498 -0.39226 C4 3.82396 2.70016 1.22731 H4 6.08778 6.16473 2.54697
O4 -1.91156 0.85823 -1.01421 C5 3.97367 4.09205 1.57143 H5 4.28069 7.53053 2.46331
O5 -1.40924 0.43114 1.85715 C6 5.27268 5.80920 2.27388 H6 0.52778 6.18288 1.14207
O6 0.82386 -1.21070 1.78927 C7 4.16817 6.64152 2.21548 H7 -1.49287 5.26496 0.46645
N1 2.35836 0.89240 0.63062 C8 2.88986 4.95384 1.51145 H8 -1.63913 3.00845 0.21704
N2 0.21794 2.52477 0.51539 C9 1.58360 4.43840 1.09945 H9 -2.71876 1.63539 3.55250
N3 5.21296 4.53326 1.95817 C10 0.45758 5.27137 0.97316 H10 -2.07978 0.97414 4.82164
N4 2.98428 6.26244 1.83347 C11 -0.74391 4.72929 0.59747 H11 -3.16336 0.19849 3.99607
C12 -0.80783 3.37151 0.42068 H12 -0.34818 -0.62451 4.64011
C13 1.41647 3.09084 0.83899 H13 1.73351 -2.80596 3.66773
C14 2.56462 2.19886 0.88950 H14 1.61982 -1.70510 4.77745
C15 -2.42401 0.80821 3.94082 H15 2.62783 -1.52068 3.59196
C16 -1.35440 0.21455 3.09314 H16 3.61406 -2.87402 -1.69140
C17 -0.32888 -0.54311 3.71509 H17 3.14215 -2.86796 -3.18628
C18 0.68879 -1.16128 3.03632 H18 2.28373 -3.59855 -2.09709
C19 1.76676 -1.86273 3.84295 H19 2.87197 -0.63547 -3.62353
C20 2.84976 -2.84284 -2.27230 H20 -3.69058 -1.27273 -2.47594
C21 2.09790 -1.59705 -2.03079 H21 1.16565 2.03112 -4.29126
C22 2.27923 -0.51939 -2.91635 H22 2.61523 1.45499 -4.44280
C23 1.63758 0.69852 -2.81059 H23 2.31564 2.54994 -3.36150
C24 -2.35912 -1.99624 -1.19100 H24 -3.87555 2.10174 -1.76244
C25 -3.04258 -1.00698 -1.86346 H25 -4.62622 0.92662 -2.48067
C26 -2.83943 0.35384 -1.69772 H26 -3.40832 1.62277 -3.17996
C27 1.96387 1.78355 -3.81927 H27 -2.81447 -3.61650 -2.34965
C28 -3.77135 1.33993 -2.33860 H28 -3.55645 -3.63674 -0.96843
C29 -2.72480 -3.44689 -1.40884 H29 -2.03498 -4.00840 -1.04736
TABLE V: Experimental geometry, used in calculations, for complex 3. All coordinates are expressed in A˚.
7Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 3.36302 0.71987 -0.00923 H1 3.07425 1.24945 -0.71571
O1 0.56613 2.24850 0.10270 C2 4.73756 0.63161 0.23499 H2 5.34397 1.08764 -0.30432
O2 -1.28528 0.93065 1.67658 C3 5.16680 -0.12283 1.25400 H3 6.07936 -0.20269 1.41681
O3 0.98498 0.39393 -2.06179 C4 4.25485 -0.78270 2.07241 H4 5.52754 -1.67163 3.41559
O4 -1.66828 0.87854 -1.37712 C5 4.62529 -1.56446 3.21498 H5 3.99020 -2.62992 4.74278
O5 0.99363 -2.02406 -0.59215 C6 3.71364 -2.14447 3.99850 H6 1.53730 -3.05652 5.27918
O6 -1.65046 -1.63234 0.10270 C7 2.31028 -2.03309 3.70923 H7 -0.65229 -2.72028 4.77766
N1 2.45574 0.09089 0.71033 C8 1.30454 -2.56897 4.52327 H8 -1.21437 -1.56866 2.85012
N2 0.59543 -1.14122 2.24685 C9 0.01458 -2.38404 4.22382 H9 1.30769 4.88715 0.85570
C10 -0.31508 -1.67374 3.06235 H10 -0.04905 5.24020 0.15503
C11 1.89174 -1.29967 2.58119 H11 1.07485 4.49417 -0.64448
C12 2.88948 -0.65472 1.75842 H12 -1.16638 4.05495 1.98664
C13 0.65659 4.59294 0.21463 H13 -3.20572 1.64874 3.13939
C14 0.08553 3.26689 0.65073 H14 -2.67379 3.08406 3.47664
C15 -0.89034 3.23957 1.63340 H15 -1.97643 1.82316 4.09735
C16 -1.48114 2.10266 2.12619 H16 2.36305 2.38216 -3.50964
C17 -2.42063 2.16991 3.31965 H17 1.59322 1.80425 -4.74670
C18 1.91488 1.61091 -3.86433 H18 2.52778 0.87328 -3.90067
C19 0.74070 1.24945 -2.96597 H19 -0.56158 2.45781 -3.86142
C20 -0.48536 1.85468 -3.15930 H20 -3.56898 1.69917 -3.07063
C21 -1.60760 1.62772 -2.38596 H21 -2.77084 3.00000 -3.42678
C22 -2.93551 2.34223 -2.74647 H22 -3.29062 2.77304 -1.96440
C23 1.85695 -4.21025 -0.50202 H23 2.08435 -4.33003 -1.42800
C24 0.71893 -3.24356 -0.39009 H24 1.59994 -5.05505 -0.12407
C25 -0.56928 -3.69328 -0.08191 H25 2.61712 -3.86560 -0.02813
C26 -1.66773 -2.90311 0.09543 H26 -0.68718 -4.61163 0.00967
C27 -3.01622 -3.54827 0.29022 H27 -3.28085 -3.46421 1.20894
H28 -2.96308 -4.47714 0.05619
H29 -3.66328 -3.11326 -0.26943
TABLE VI: Experimental geometry, used in calculations, for complex 4. All coordinates are expressed in
A˚.
8Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 3.34275 -0.50471 0.57232 H1 3.46536 -1.34257 0.08135
O1 2.39513 0.32214 -0.12253 C2 2.88909 0.78989 -1.38533 H2 3.00644 -0.70000 1.47106
O2 0.71885 1.75691 -1.55593 C3 2.14816 1.99472 -1.72028 H3 4.19928 -0.03537 0.63890
O3 -1.02399 1.94275 0.75540 C4 -0.02383 2.92236 -1.87215 H4 2.75421 0.10007 -2.08227
O4 0.73812 0.39143 2.18463 C5 -1.20616 2.46721 1.87465 H5 3.85772 0.98834 -1.32084
O5 -1.72638 -0.85907 1.31503 C6 -0.64389 2.10182 3.08337 H6 2.33908 2.25459 -2.65646
O6 0.69783 -2.08280 0.76788 C7 0.30197 1.07811 3.13954 H7 2.43367 2.73652 -1.12944
O7 -1.77017 0.15204 -1.49976 C8 -2.15552 3.65471 1.84345 H8 0.15659 3.61534 -1.20434
O8 0.57697 -1.24965 -1.88255 C9 0.89752 0.72690 4.48555 H9 -0.98020 2.70817 -1.87215
F1 -3.33960 3.32712 1.40656 C10 -1.73339 -1.69379 2.25953 H10 0.23716 3.24680 -2.75840
F2 -2.32017 4.23586 3.00639 C11 -0.75074 -2.62458 2.57575 H11 -0.90138 2.54910 3.88016
F3 -1.75616 4.58865 1.03417 C12 0.38079 -2.76002 1.77479 H12 -0.85233 -3.17265 3.34342
F4 2.24625 0.73320 4.45643 C13 -2.95776 -1.61031 3.14786 H13 -1.27622 -0.97719 -4.44768
F5 0.60675 -0.49998 4.87043 C14 1.38796 -3.84988 2.13262
F6 0.56822 1.54902 5.47999 C15 -1.91205 -0.09050 -2.72511
F7 -3.08562 -0.43856 3.69708 C16 -1.05026 -0.83229 -3.53647
F8 -2.97527 -2.55370 4.10692 C17 0.10754 -1.35045 -3.04341
F9 -4.06126 -1.84026 2.45092 C18 -3.17846 0.47491 -3.35755
F10 2.56854 -3.45614 2.00780 C19 0.99561 -2.15524 -3.99208
F11 1.24784 -4.84997 1.37328
F12 1.26886 -4.34441 3.32261
F13 -3.69518 1.44822 -2.70847
F14 -4.13483 -0.55510 -3.07670
F15 -3.16970 0.62138 -4.64324
F16 0.99385 -3.43095 -3.60928
F17 2.21122 -1.74891 -4.00040
F18 0.61551 -2.16469 -5.23615
TABLE VII: Experimental geometry, used in calculations, for complex 5. All coordinates are expressed in
A˚.
9Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 -0.92578 3.18610 -0.43022 H1 0.88620 -5.13818 -0.48570
O1 0.22937 -2.16529 -0.76376 C2 -2.05447 4.07625 -0.91653 H2 -1.84580 4.40676 -1.81520
O2 1.30069 1.78059 0.79342 C3 1.22593 3.03949 0.72825 H3 -2.15844 4.83521 -0.30533
O3 -1.06221 1.94542 -0.60636 C4 0.89333 -3.18263 -0.38689 H4 -2.88806 3.56165 -0.94311
O4 1.42870 0.40897 -1.84273 C5 4.25215 4.16407 2.58473 H5 4.14321 5.10500 2.51207
O5 -2.44002 -0.47744 -0.15612 C6 3.90801 -2.03931 1.62108 H6 4.54196 -1.42120 1.20104
O6 2.04553 -0.80958 0.83064 C7 2.59018 -1.96520 0.90797 H7 4.25794 -2.95309 1.56669
O7 -1.41215 -0.44868 -2.03796 C8 3.34022 3.29633 1.97089 H8 3.78498 -1.79206 2.56137
O8 -0.96428 0.51283 2.17926 C9 2.06385 -3.13649 0.38237 H9 2.52168 -3.95118 0.55319
O9 -0.68997 -1.58728 1.80266 C10 5.31338 3.63592 3.29809 H10 5.93045 4.21621 3.72819
O10 -1.84589 -0.95427 3.51911 C11 0.17902 3.79082 0.16590 H11 0.22627 4.73926 0.19316
O11 -3.59070 -0.50927 -2.00684 C12 -0.64311 -4.69261 -1.58396 H12 -0.64505 -6.73431 -1.42360
N1 0.43754 -4.44101 -0.78079 C13 -1.07509 -5.99395 -1.83523 H13 6.20871 1.88406 3.87454
N2 2.26752 3.77034 1.28499 C14 5.48030 2.25158 3.38787 H14 4.69778 0.50395 2.83366
N3 3.54373 1.95876 2.06656 C15 4.59217 1.44614 2.77354 H15 0.92435 2.09806 -2.55629
N4 -1.19182 -0.68945 2.53221 C16 1.45587 1.31827 -2.82051 H16 1.08139 0.92964 -3.63852
N5 -2.51153 -0.46552 -1.41876 C17 -2.32704 -3.84945 -3.02971 H17 2.38182 1.59434 -2.98421
N6 -1.29389 -3.66331 -2.17817 C18 -2.76737 -5.10651 -3.30329 H18 -2.74614 -3.10084 -3.43769
C19 -2.13176 -6.18582 -2.68711 H19 -3.49218 -5.24724 -3.90109
H20 -2.43675 -7.06853 -2.86115
H21 2.24482 4.64613 1.29277
H22 -0.94041 -2.86333 -2.07528
H23 2.94454 1.43965 1.68282
H24 2.18804 0.16215 -1.58740
TABLE VIII: Experimental geometry, used in calculations, for complex 6. All coordinates are expressed in
A˚.
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Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 0.95173 -3.14104 -0.96504 H1 -2.06903 3.76571 0.88426
O1 -0.24787 2.22212 0.52584 C2 1.72933 -4.21655 -1.40402 H2 -2.65413 -5.63267 0.07636
O2 -1.49778 0.08861 1.78206 C3 -0.39485 -3.36208 -0.46536 H3 -1.93618 2.25066 -3.58489
O3 0.42373 0.71555 -2.17923 C4 -0.91946 -4.65184 -0.38713 H4 -3.86108 -3.76995 0.61691
O4 2.12505 0.91313 0.14174 C5 -0.19218 1.37075 -3.05602 H5 3.18558 -8.80409 -2.17806
O5 -2.05235 0.43826 -1.00590 C6 2.55243 1.96518 0.64843 H6 -1.17301 -9.52769 -0.55409
O6 0.98339 -1.04767 1.82643 C7 -0.08195 -5.79293 -0.76657 H7 -3.29294 5.47297 1.81475
N1 -1.11987 -2.26932 -0.13729 C8 -1.64222 4.39604 1.42014 H8 -0.36743 -0.57592 4.63424
N2 1.36781 -1.86597 -1.04793 C9 -2.26407 -4.79035 0.02499 H9 -0.01976 6.77885 3.61152
N3 -0.60910 -7.02561 -0.62530 C10 -2.65131 0.51232 3.76329 H10 -2.40257 -0.45720 5.52620
N4 2.00520 -6.58381 -1.64219 C11 1.22563 -5.57048 -1.27326 H11 2.29803 3.74593 1.52288
F1 -4.16042 2.48244 -2.85171 C12 -0.27698 4.29146 1.63029 H12 2.86052 -0.76247 -1.66787
F2 -4.60560 0.61577 -2.05548 C13 -1.56025 1.68818 -2.94744 H13 -0.93275 2.18000 -5.49490
F3 -4.13187 2.21392 -0.82144 C14 -2.97636 -3.68798 0.34255 H14 3.49085 -4.65184 -2.32050
F4 1.89892 -1.20172 5.15728 C15 0.59078 1.80887 -4.24102 H15 -2.90005 -1.70372 0.48732
F5 4.55591 3.20322 0.94847 C16 2.31782 -8.93694 -1.86284 H16 -2.23863 7.01345 3.16554
F6 4.64975 1.58642 -0.30308 C17 0.44663 3.12690 1.05472 H17 -5.60791 1.95105 5.46082
F7 4.50842 1.20766 1.67932 C18 -0.31373 -9.37506 -0.87164 H18 -3.29294 1.64012 2.23622
F8 3.02616 -1.12710 3.49594 C19 -2.37995 5.40795 1.98170 H19 -5.12456 2.55028 3.28229
F9 1.91645 -2.82305 3.91156 C20 1.50659 -7.84023 -1.49625 H20 4.18054 -2.45276 -2.47461
C21 -1.45849 -0.00777 3.02544 H21 1.26068 5.14226 2.62966
C22 -0.35047 -0.53917 3.70609 H22 2.36022 1.51858 -3.38058
C23 -0.42679 6.17678 3.03128 H23 0.18093 -11.2830 -1.15651
C24 -2.94810 0.13921 5.06504 H24 2.30934 -10.9353 -1.99827
C25 1.83165 3.04211 1.12943 H25 -4.31616 0.42752 6.53725
C26 -2.36582 1.20483 -1.93990 H26 0.35052 2.81315 -7.30568
C27 0.20071 -8.04939 -0.98839 H27 2.64570 2.90926 -7.12122
C28 -3.83564 1.58076 -1.91421 H28 3.63501 2.19979 -5.18318
C29 2.55808 -1.63871 -1.60249 C39 3.36083 -2.65628 -2.08467
C30 -0.00563 2.18565 -5.42369 C40 4.06182 1.98497 0.77452
C31 2.95945 -3.95933 -1.99594 C41 0.34769 5.19596 2.46037
C32 -2.39409 -2.44994 0.25965 C42 1.94189 1.79841 -4.16280
C33 0.75755 -1.00556 3.04178 C43 0.49750 -10.4124 -1.24057
C34 -1.76093 6.31246 2.78727 C44 1.79490 -10.2032 -1.74259
C35 -4.87300 1.58076 5.02768 C45 -4.09286 0.68757 5.67331
C36 -3.48232 1.40269 3.11417 C46 0.76320 2.57572 -6.50712
C37 1.91645 -1.55109 3.89522 C47 2.12561 2.61247 -6.40905
C38 -4.58186 1.94539 3.73294 C48 2.70789 2.20544 -5.25090
TABLE IX: Experimental geometry, used in calculations, for complex 7. All coordinates are expressed in
A˚.
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Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 6.17715 1.24526 2.25054 H1 7.07424 1.33300 1.94809
O1 1.98459 0.62446 1.06400 C2 5.80861 1.40253 3.54282 H2 6.43980 1.61773 4.21963
O2 -0.56902 0.51189 2.16594 C3 4.40941 1.22539 3.84104 H3 3.98265 1.30320 4.68494
O3 0.80980 -1.92326 0.99632 C4 3.78096 0.89430 2.54030 H4 1.85630 0.43574 4.23232
O4 -1.84916 -1.39186 0.38466 C5 2.37049 0.66420 2.26534 H5 4.23608 -4.35512 4.08215
O5 0.89905 1.64422 -1.36785 C6 1.48694 0.49865 3.35881 H6 2.27653 -5.14643 5.21370
O6 -1.64743 1.62601 -0.35306 C7 0.12810 0.42084 3.22345 H7 0.17874 -4.33360 4.20694
N1 -0.88082 -0.65519 -2.27562 C8 -0.72216 0.23212 4.48190 H8 -1.34407 -3.59030 2.64605
N2 1.67286 -1.02435 -1.62842 C9 3.34893 -4.13660 3.82201 H9 3.15440 -1.17997 -0.32979
F1 -0.00306 0.05996 5.59927 C10 2.24776 -4.58026 4.45229 H10 4.83974 -1.62197 -1.84627
F2 -1.49668 1.30982 4.70609 C11 1.04413 -4.12336 3.87277 H11 4.32320 -1.81897 -4.10724
F3 -1.53553 -0.81246 4.35922 C12 1.27655 -3.34033 2.76872 H12 2.12233 -1.45643 -4.79039
F4 -3.57598 -4.04721 1.56104 C13 0.32823 -2.69801 1.88464 H13 0.06552 -1.19321 -5.31492
F5 -4.00530 -2.20966 2.47262 C14 -1.05279 -2.95130 2.00519 H14 -2.19613 -0.87371 -5.73581
F6 -4.22832 -2.42983 0.43161 C15 -2.00020 -2.31229 1.23532 H15 -3.64119 -0.48799 -3.95284
F7 -4.11509 2.26502 -1.39577 C16 -3.45275 -2.75927 1.43625 H16 -2.77757 -0.33734 -1.79974
F8 -3.39092 3.76485 -0.05061 C17 2.94031 -1.22798 -1.25406 H17 4.42865 3.66884 -4.45833
F9 -3.33755 4.10919 -2.14449 C18 3.94710 -1.50609 -2.14872 H18 2.71765 5.01141 -5.37837
S1 4.88875 0.88007 1.23469 C19 3.64735 -1.60873 -3.47061 H19 0.34139 4.59092 -4.46468
S2 2.95824 -3.13091 2.49842 C20 2.34827 -1.40511 -3.86824 H20 -1.12535 3.64897 -2.75150
S3 3.03241 2.58253 -3.00933 C21 1.37115 -1.12534 -2.93763
C22 -0.04871 -0.92172 -3.29084
C23 -0.53083 -1.00946 -4.60004
C24 -1.86222 -0.83232 -4.84750
C25 -2.70853 -0.59228 -3.80267
C26 -2.18799 -0.50620 -2.52519
C27 3.52524 3.60924 -4.17280
C28 2.53233 4.37240 -4.70156
C29 1.15595 4.18534 -4.19395
C30 1.43854 3.12088 -3.08356
C31 0.47745 2.53154 -2.14660
C32 -0.85792 2.99341 -2.11911
C33 -1.77757 2.53982 -1.22234
C34 -3.15592 3.17386 -1.21811
TABLE X: Experimental geometry, used in calculations, for complex 8. All coordinates are expressed in A˚.
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Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 -3.42833 -2.57014 -5.02550 H1 -4.32653 -2.83832 -5.18116
O1 -0.79991 -0.88383 -2.00300 C2 -2.44798 -2.64218 -5.96550 H2 -2.61998 -2.98610 -6.83447
O2 1.73433 0.06792 -1.53754 C3 -1.12534 -2.17027 -5.58618 H3 -0.33897 -2.12107 -6.11662
O3 -0.90087 -2.07916 0.47392 C4 -1.31864 -1.76578 -4.09457 H4 1.26068 -1.24447 -4.42251
O4 1.62800 -1.19372 1.19328 C5 -0.37032 -1.18783 -3.13644 H5 -4.22264 -6.06726 0.35151
O5 -0.81348 0.29703 2.14083 C6 0.98132 -0.95786 -3.55959 H6 -2.83365 -6.95021 2.13479
O6 1.19085 1.74699 0.95752 C7 1.86538 -0.33419 -2.73747 H7 -0.97407 -5.46102 2.71510
N1 -0.57641 2.16017 -1.25343 C8 3.25956 -0.00288 -3.31023 H8 0.52481 -3.70126 2.82240
N2 -2.47370 0.59592 -0.11848 C9 -3.46084 -5.62364 0.70514 H9 -3.85406 -0.77315 6.08972
F1 4.23090 -0.53023 -2.55914 C10 -2.67614 -6.11608 1.70710 H10 -2.67614 0.83163 7.32139
F2 3.44417 -0.43821 -4.54039 C11 -1.61432 -5.26596 2.04109 H11 -0.80337 2.17505 6.05950
F3 3.45525 1.30342 -3.30721 C12 -1.60081 -4.12441 1.29000 H12 0.36111 2.66420 3.89539
F4 2.67639 -3.35505 3.72613 C13 -0.65236 -3.01112 1.28849 H13 -3.15016 -0.97776 0.85476
F5 3.76376 -2.89922 1.93681 C14 0.48498 -3.04993 2.13176 H14 -5.40921 -0.38572 0.83511
F6 3.28686 -1.35503 3.32263 C15 1.52960 -2.17693 1.98064 H15 -6.08524 1.61204 -0.06407
F7 1.91528 4.31657 3.19568 C16 2.80666 -2.44519 2.77555 H16 -5.42367 3.76638 -1.23227
F8 3.35717 3.10334 2.16501 C17 -3.15626 -0.25077 5.70889 H17 -3.83479 5.08941 -2.15111
F9 1.97810 4.30513 1.03762 C18 -2.47095 0.67911 6.40708 H18 -1.39211 5.44590 -2.80094
S1 -2.89242 -1.96967 -3.59586 C19 -1.36964 1.48581 5.73307 H19 0.78086 4.68732 -2.77676
S2 -2.89924 -4.11474 0.16986 C20 -1.47417 0.80992 4.33063 H20 1.26512 2.63446 -1.78992
S3 -2.67407 -0.40198 4.13266 C21 -0.64379 1.05540 3.12768
C22 0.29624 2.10842 3.12919
C23 1.12134 2.35458 2.05469
C24 2.08013 3.54129 2.12874
C25 -3.40861 -0.16101 0.44370
C26 -4.76888 0.20204 0.45125
C27 -5.16823 1.36293 -0.07314
C28 -4.20177 2.20324 -0.63986
C29 -2.86775 1.76394 -0.65950
C30 -4.52037 3.47080 -1.23227
C31 -3.58457 4.24780 -1.78538
C32 -2.20992 3.84076 -1.83979
C33 -1.85994 2.60499 -1.27156
C34 -1.18791 4.60673 -2.40349
C35 0.08516 4.16729 -2.39140
C36 0.36495 2.93698 -1.80201
TABLE XI: Experimental geometry, used in calculations, for complex 9. All coordinates are expressed in
A˚.
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Atom x y z Atom x y z Atom x y z
Dy 0.00000 0.00000 0.00000 C1 3.06851 0.79179 1.03378 H1 5.75045 0.94581 2.08534
O1 2.10599 0.98194 0.21859 C2 4.12948 1.81099 1.12325 H2 6.87864 3.15155 1.91965
O2 1.38353 -1.61931 0.98186 C3 5.39117 1.70831 1.68880 H3 5.59188 4.76592 0.61735
O3 0.54858 0.83172 -2.12865 C4 6.04103 2.96901 1.55845 H4 3.79612 -0.40045 2.57909
O4 -0.12979 -1.80756 -1.54764 C5 5.28637 3.91215 0.82612 H5 -0.88624 1.01426 -6.34374
O5 0.10345 1.04089 2.12952 C6 3.16867 -0.38524 1.89314 H6 -0.52409 3.39684 -6.85737
O6 -1.51369 -1.12873 1.43474 C7 2.38627 -1.41775 1.71089 H7 0.65440 4.80205 -5.28776
N1 -0.87477 2.39856 -0.25527 C8 2.62306 -2.67655 2.60229 H8 -0.57582 -0.88724 -4.51013
N2 -2.33590 0.29169 -1.00087 C9 0.15499 0.53128 -3.29399 H9 -2.06400 2.39475 5.23120
F1 3.46345 -2.46168 3.56659 C10 0.05573 1.61134 -4.38531 H10 -0.79278 3.93307 6.68815
F2 3.07353 -3.63110 1.90088 C11 -0.50511 1.66838 -5.81023 H11 1.33311 4.36471 5.84866
F3 1.52152 -3.10438 3.17004 C12 -0.24945 3.03746 -6.04219 H12 -2.31846 0.41339 4.03935
F4 -2.60012 -2.95987 3.25841 C13 0.41958 3.91215 -5.11434 H13 0.68824 3.20860 0.68583
F5 -3.87412 -1.42726 3.92558 C14 -0.26863 -0.75223 -3.64193 H14 0.19397 5.39722 -0.01779
F6 -3.93416 -2.13272 1.93401 C15 -0.26287 -1.79235 -2.81791 H15 -1.63816 5.86689 -1.21626
F7 0.17358 -4.05133 -2.94273 C16 -0.59487 -3.18044 -3.36799 H16 -3.05496 4.12512 -1.87791
F8 -0.69280 -3.25270 -4.66698 C17 -0.65892 1.07131 3.16452 H17 -4.30176 2.36813 -2.35288
F9 -1.73261 -3.64441 -2.91401 C18 -0.34548 2.10192 4.09679 H18 -2.67057 -1.59459 -0.99534
S1 3.81752 3.34246 0.38539 C19 -1.16940 2.61913 5.10969 H19 -6.74513 1.04279 -2.47107
S2 0.69428 3.12303 -3.73361 C20 -0.44791 3.53185 5.92377 H20 -5.94723 0.95722 -3.82308
S3 1.19595 2.77981 4.12772 C21 0.75709 3.73911 5.46979 H21 -7.45395 -0.87583 -3.65408
C22 -1.74692 0.23845 3.32680 H22 -4.71227 -2.80205 -1.92099
C23 -2.04663 -0.80927 2.53380 H23 -7.14967 -2.42935 -1.87791
C24 -3.13980 -1.79805 2.91709 H24 -6.71625 -1.11161 -1.07377
C25 -0.05462 3.38353 0.15453 H25 -3.89635 -2.01483 -4.97848
C26 -0.37452 4.70317 -0.26190 H26 -4.04085 -0.56208 -4.40409
C27 -1.44844 4.98650 -0.98209 H27 -4.97904 -1.04316 -5.56391
C28 -2.28523 3.95969 -1.38195 H28 -6.70371 -2.99980 -4.93761
C29 -1.92015 2.65336 -1.00308 H29 -6.51227 -3.62159 -3.51159
C30 -2.82682 1.49725 -1.35102 H30 -5.34755 -3.68815 -4.55763
C31 -4.01588 1.55049 -2.01377
C32 -4.79937 0.45522 -2.20045 C37 -5.06857 -1.93496 -2.20928
C33 -4.26588 -0.75413 -1.89116 C38 -5.54386 -1.82848 -3.72146
C34 -3.02223 -0.77315 -1.25271 C39 -6.58040 -1.64403 -1.87238
C35 -6.09275 0.52368 -2.96813 C40 -4.51721 -1.31317 -4.76640
C36 -6.59746 -0.84160 -3.17911 C41 -6.07635 -3.15573 -4.22846
TABLE XII: Experimental geometry, used in calculations, for complex 10. All coordinates are expressed in
A˚.
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COMPUTATIONAL RESULTS
Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 -5.24·106 1.29·10−15 2.325 C1 -5.13·105 3.72·10−17 0.067 H1 -6.26·105 7.16·10−16 1.295
O2 8.52·106 2.09·10−15 3.782 C2 -2.94·105 2.13·10−17 0.039 H2 -1.54·105 1.76·10−16 0.318
O3 -2.63·105 6.46·10−17 0.117 C3 1.30·106 9.42·10−17 0.170 H3 -6.27·105 7.19·10−16 1.298
O4 -2.11·104 5.17·10−18 0.009 C4 3.00·106 2.17·10−16 0.392 H4 6.84·105 7.84·10−16 1.416
O5 6.30·106 1.55·10−15 2.795 C5 1.12·106 8.09·10−17 0.146 H5 8.19·105 9.38·10−16 1.694
O6 -8.19·106 2.01·10−15 3.634 C6 4.26·105 3.09·10−17 0.056 H6 7.65·105 8.76·10−16 1.583
O7 1.11·105 2.72·10−17 0.049 C7 9.29·105 6.72·10−17 0.122 H7 9.49·105 1.09·10−15 1.965
O8 1.55·105 3.81·10−17 0.069 C8 6.82·105 4.94·10−17 0.089 H8 3.20·104 3.66·10−17 0.066
C9 3.11·105 2.25·10−17 0.041 H9 3.76·105 4.30·10−16 0.778
C10 2.29·104 1.66·10−18 0.003 H10 6.37·105 7.29·10−16 1.317
C11 7.94·105 5.74·10−17 0.104 H11 4.18·105 4.79·10−16 0.865
C12 1.06·106 7.66·10−17 0.138 H12 -9.76·104 1.12·10−16 0.202
C13 -7.99·105 5.78·10−17 0.105 H13 7.39·104 8.46·10−17 0.153
C14 -2.64·106 1.91·10−16 0.345 H14 2.30·103 2.63·10−18 0.005
C15 -1.02·106 7.37·10−17 0.133 H15 1.02·106 1.17·10−15 2.107
H16 3.89·105 4.45·10−16 0.805
H17 6.33·105 7.25·10−16 1.310
H18 -3.73·105 4.27·10−16 0.772
H19 -8.85·105 1.01·10−15 1.832
H20 -6.25·105 7.16·10−16 1.294
H21 -8.15·105 9.33·10−16 1.686
H22 -7.70·105 8.82·10−16 1.594
H23 4.95·105 5.67·10−16 1.024
H24 1.12·106 1.28·10−15 2.310
H25 -2.01·105 2.31·10−16 0.417
TABLE XIII: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 1. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 -2.11·104 5.18·10−18 0.009 C1 1.92·105 1.39·10−17 0.025 H1 1.49·104 1.71·10−17 0.031
O2 9.43·106 2.32·10−15 4.183 C2 8.06·103 5.83·10−19 0.001 H2 -2.65·103 3.04·10−18 0.005
O3 -6.06·106 1.49·10−15 2.687 C3 5.95·103 4.31·10−19 0.001 H3 1.11·106 1.27·10−15 2.292
O4 7.34·106 1.80·10−15 3.258 C4 1.32·105 9.58·10−18 0.017 H4 3.85·105 4.41·10−16 0.796
O5 -1.35·106 3.31·10−16 0.599 C5 -2.59·103 1.88·10−19 <0.001 H5 6.78·105 7.77·10−16 1.403
O6 -1.02·107 2.50·10−15 4.513 C6 8.34·105 6.04·10−17 0.109 H6 -5.96·103 6.82·10−18 0.012
N1 1.48·106 2.36·10−17 0.043 C7 -7.64·105 5.53·10−17 0.100 H7 2.88·104 3.30·10−17 0.060
N2 7.94·105 1.27·10−17 0.023 C8 3.10·106 2.24·10−16 0.405 H8 1.26·105 1.44·10−16 0.261
N3 2.63·104 4.19·10−19 0.001 C9 4.81·105 3.48·10−17 0.063 H9 4.97·105 5.69·10−16 1.028
N4 -1.35·104 2.16·10−19 <0.001 C10 -5.49·103 3.97·10−19 0.001 H10 2.18·105 2.49·10−16 0.450
C11 -1.71·104 1.24·10−18 0.002 H11 1.65·106 1.89·10−15 3.418
C12 -2.40·104 1.74·10−18 0.003 H12 2.81·103 3.22·10−18 0.006
C13 4.84·104 3.50·10−18 0.006 H13 3.47·105 3.97·10−16 0.718
C14 1.99·105 1.44·10−17 0.026 H14 3.04·105 3.48·10−16 0.629
C15 -3.38·106 2.45·10−16 0.442 H15 -1.92·104 2.20·10−17 0.040
C16 2.40·104 1.74·10−18 0.003 H16 5.63·104 6.45·10−17 0.117
C17 -5.08·104 3.67·10−18 0.007 H17 -6.48·103 7.42·10−18 0.013
C18 1.01·106 7.30·10−17 0.132 H18 -8.10·105 9.28·10−16 1.677
C19 -6.50·103 4.71·10−19 0.001 H19 -2.29·105 2.62·10−16 0.473
C20 2.35·105 1.70·10−17 0.031 H20 -7.27·105 8.32·10−16 1.504
C21 1.02·106 7.37·10−17 0.133 H21 8.45·105 9.67·10−16 1.748
C22 2.67·105 1.93·10−17 0.035 H22 7.06·105 8.08·10−16 1.460
C23 9.10·105 6.59·10−17 0.119 H23 1.01·106 1.15·10−15 2.084
C24 1.92·103 1.39·10−19 <0.001 H24 1.26·106 1.44·10−15 2.606
C25 5.23·105 3.79·10−17 0.068 H25 -1.11·106 1.27·10−15 2.290
C26 3.96·105 2.87·10−17 0.052 H26 -8.88·105 1.02·10−15 1.838
C27 2.62·104 1.89·10−18 0.003 H27 -8.79·105 1.01·10−15 1.820
C28 -6.75·105 4.89·10−17 0.088 H28 -5.90·105 6.76·10−16 1.221
C29 1.13·106 8.19·10−17 0.148 H29 -1.58·105 1.80·10−16 0.326
C30 1.06·106 7.64·10−17 0.138 H30 1.29·105 1.48·10−16 0.268
C31 -1.26·106 9.15·10−17 0.165 H31 5.59·105 6.40·10−16 1.157
C32 -1.20·106 8.68·10−17 0.157
C33 2.23·105 1.61·10−17 0.029
TABLE XIV: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 2. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 2.16·106 5.31·10−16 0.959 C1 -4.55·105 3.29·10−17 0.059 H1 -4.39·105 5.03·10−16 0.909
O2 -9.22·106 2.26·10−15 4.091 C2 -1.86·105 1.34·10−17 0.024 H2 -1.45·105 1.67·10−16 0.301
O3 3.98·104 9.76·10−18 0.018 C3 -9.78·104 7.08·10−18 0.013 H3 -6.42·104 7.36·10−17 0.133
O4 5.56·106 1.36·10−15 2.466 C4 -6.00·104 4.34·10−18 0.008 H4 -2.17·103 2.49·10−18 0.004
O5 -9.70·106 2.38·10−15 4.303 C5 -9.71·103 7.03·10−19 0.001 H5 1.55·103 1.78·10−18 0.003
O6 1.21·107 2.96·10−15 5.350 C6 -1.97·103 1.43·10−19 <0.001 H6 2.33·104 2.67·10−17 0.048
N1 -7.10·105 1.13·10−17 0.020 C7 1.83·103 1.32·10−19 <0.001 H7 3.88·104 4.45·10−17 0.080
N2 1.72·105 2.74·10−18 0.005 C8 8.84·103 6.40·10−19 0.001 H8 -1.64·105 1.88·10−16 0.339
N3 -8.96·103 1.43·10−19 <0.001 C9 3.78·104 2.74·10−18 0.005 H9 -1.29·106 1.48·10−15 2.666
N4 5.98·103 9.54·10−20 <0.001 C10 3.80·104 2.75·10−18 0.005 H10 -5.97·105 6.83·10−16 1.235
811 C11 5.01·104 3.63·10−18 0.007 H11 -8.70·105 9.96·10−16 1.800
C12 2.94·104 2.13·10−18 0.004 H12 3.45·105 3.95·10−16 0.713
C13 7.69·104 5.56·10−18 0.010 H13 1.25·106 1.43·10−15 2.585
C14 -1.06·105 7.68·10−18 0.014 H14 8.55·105 9.80·10−16 1.770
C15 -1.11·106 8.02·10−17 0.145 H15 1.29·106 1.47·10−15 2.660
C16 -1.94·106 1.40·10−16 0.253 H16 -9.41·105 1.08·10−15 1.948
C17 6.50·105 4.70·10−17 0.085 H17 -9.20·105 1.05·10−15 1.904
C18 3.33·106 2.41·10−16 0.436 H18 -9.11·105 1.04·10−15 1.885
C19 1.45·106 1.05·10−16 0.189 H19 -1.25·106 1.43·10−15 2.591
C20 -1.28·106 9.24·10−17 0.167 H20 3.55·105 4.07·10−16 0.735
C21 -3.90·106 2.82·10−16 0.510 H21 4.04·105 4.63·10−16 0.836
C22 -2.43·106 1.76·10−16 0.318 H22 -2.37·105 2.72·10−16 0.491
C23 -1.31·106 9.51·10−17 0.172 H23 7.06·104 8.09·10−17 0.146
C24 5.49·104 3.98·10−18 0.007 H24 5.61·105 6.42·10−16 1.161
C25 6.02·105 4.36·10−17 0.079 H25 3.85·105 4.41·10−16 0.798
C26 1.70·106 1.23·10−16 0.223 H26 9.64·105 1.10·10−15 1.996
C27 -1.54·104 1.11·10−18 0.002 H27 7.73·103 8.85·10−18 0.016
C28 8.00·105 5.79·10−17 0.105 H28 -3.25·104 3.72·10−17 0.067
C29 -5.77·102 4.18·10−20 <0.001 H29 3.89·104 4.45·10−17 0.081
TABLE XV: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 3. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 -1.03·107 2.53·10−15 4.565 C1 -8.61·105 6.23·10−17 0.113 H1 -1.65·106 1.89·10−15 3.413
O2 1.36·107 3.34·10−15 6.030 C2 -1.82·105 1.32·10−17 0.024 H2 -1.79·105 2.05·10−16 0.371
O3 4.48·106 1.10·10−15 1.988 C3 -8.56·103 6.20·10−19 0.001 H3 3.26·103 3.74·10−18 0.007
O4 -1.46·103 3.58·10−19 0.001 C4 4.31·104 3.12·10−18 0.006 H4 1.83·104 2.10·10−17 0.038
O5 5.20·106 1.28·10−15 2.309 C5 1.87·104 1.35·10−18 0.002 H5 -2.72·104 3.11·10−17 0.056
O6 -1.17·107 2.88·10−15 5.200 C6 -2.61·104 1.89·10−18 0.003 H6 -1.21·105 1.39·10−16 0.251
N1 -7.73·105 1.23·10−17 0.022 C7 -1.33·105 9.61·10−18 0.017 H7 -2.33·105 2.67·10−16 0.482
N2 -1.24·106 1.98·10−17 0.036 C8 -1.87·105 1.36·10−17 0.025 H8 -8.31·105 9.52·10−16 1.720
C9 -3.21·105 2.32·10−17 0.042 H9 -8.00·105 9.16·10−16 1.656
C10 -8.08·105 5.85·10−17 0.106 H10 -5.82·105 6.67·10−16 1.205
C11 -2.13·105 1.54·10−17 0.028 H11 -1.47·106 1.69·10−15 3.049
C12 7.01·104 5.07·10−18 0.009 H12 6.55·105 7.50·10−16 1.356
C13 -1.11·106 8.04·10−17 0.145 H13 1.45·106 1.67·10−15 3.011
C14 -1.55·106 1.12·10−16 0.203 H14 1.05·106 1.20·10−15 2.177
C15 1.28·106 9.24·10−17 0.167 H15 1.37·106 1.57·10−15 2.844
C16 4.14·106 3.00·10−16 0.542 H16 -4.96·105 5.68·10−16 1.026
C17 1.68·106 1.21·10−16 0.220 H17 2.89·104 3.31·10−17 0.060
C18 -2.51·104 1.82·10−18 0.003 H18 4.56·105 5.22·10−16 0.944
C19 -1.94·105 1.41·10−17 0.025 H19 -4.46·105 5.11·10−16 0.923
C20 -7.19·105 5.20·10−17 0.094 H20 -2.35·103 2.69·10−18 0.005
C21 -6.06·105 4.39·10−17 0.079 H21 -1.64·105 1.87·10−16 0.339
C22 -9.50·104 6.88·10−18 0.012 H22 5.68·104 6.50·10−17 0.117
C23 2.68·105 1.94·10−17 0.035 H23 5.62·105 6.44·10−16 1.164
C24 -4.73·105 3.43·10−17 0.062 H24 -1.06·105 1.21·10−16 0.218
C25 -2.25·106 1.63·10−16 0.294 H25 4.11·105 4.70·10−16 0.850
C26 -4.26·106 3.09·10−16 0.558 H26 -1.19·106 1.36·10−15 2.456
C27 -1.54·106 1.11·10−16 0.201 H27 -1.25·106 1.43·10−15 2.586
H28 -1.02·106 1.17·10−15 2.119
H29 -1.19·106 1.36·10−15 2.466
TABLE XVI: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 4. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 -6.45·105 1.58·10−16 0.286 C1 5.41·104 3.92·10−18 0.007 H1 2.27·105 2.60·10−16 0.469
O2 1.46·106 3.59·10−16 0.648 C2 -1.30·106 9.44·10−17 0.171 H2 3.07·104 3.52·10−17 0.064
O3 5.70·106 1.40·10−15 2.527 C3 1.34·104 9.67·10−19 0.002 H3 -1.81·104 2.07·10−17 0.037
O4 -8.47·106 2.08·10−15 3.758 C4 1.97·106 1.42·10−16 0.257 H4 -2.29·106 2.63·10−15 4.748
O5 -4.20·106 1.03·10−15 1.865 C5 2.41·105 1.74·10−17 0.031 H5 -4.24·105 4.86·10−16 0.878
O6 9.79·106 2.40·10−15 4.342 C6 -1.37·106 9.92·10−17 0.179 H6 -4.14·105 4.74·10−16 0.857
O7 -2.32·106 5.71·10−16 1.031 C7 -3.18·106 2.30·10−16 0.416 H7 1.06·106 1.21·10−15 2.191
O8 -6.36·106 1.56·10−15 2.819 C8 4.74·105 3.43·10−17 0.062 H8 2.43·106 2.79·10−15 5.037
F1 2.70·105 2.74·10−16 0.495 C9 -1.27·106 9.18·10−17 0.166 H9 1.87·106 2.14·10−15 3.862
F2 7.88·104 8.00·10−17 0.145 C10 -1.22·106 8.84·10−17 0.160 H10 5.33·105 6.11·10−16 1.103
F3 8.76·105 8.89·10−16 1.607 C11 2.25·105 1.63·10−17 0.029 H11 -7.55·105 8.65·10−16 1.563
F4 -6.90·105 7.00·10−16 1.265 C12 2.34·106 1.69·10−16 0.306 H12 1.95·104 2.24·10−17 0.040
F5 -1.09·106 1.11·10−15 2.005 C13 -7.91·105 5.72·10−17 0.103 H13 -1.06·106 1.21·10−15 2.186
F6 -6.67·105 6.77·10−16 1.223 C14 9.87·105 7.14·10−17 0.129
F7 -1.09·106 1.10·10−15 1.993 C15 -1.84·106 1.33·10−16 0.241
F8 -3.55·105 3.60·10−16 0.650 C16 -2.02·106 1.46·10−16 0.264
F9 -3.10·105 3.14·10−16 0.568 C17 -3.01·106 2.18·10−16 0.394
F10 7.20·105 7.31·10−16 1.320 C18 -4.17·105 3.02·10−17 0.055
F11 9.78·105 9.92·10−16 1.793 C19 -1.02·106 7.39·10−17 0.134
F12 3.62·105 3.67·10−16 0.663
F13 -2.67·104 2.71·10−17 0.049
F14 -1.62·105 1.64·10−16 0.297
F15 -3.58·105 3.63·10−16 0.656
F16 -2.20·105 2.24·10−16 0.404
F17 -1.01·106 1.02·10−15 1.848
F18 -6.52·105 6.61·10−16 1.195
TABLE XVII: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 5. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 2.74·107 6.72·10−15 12.15 C1 6.04·104 4.37·10−18 0.008 H1 1.32·106 1.51·10−15 2.734
O2 1.92·107 4.71·10−15 8.504 C2 -9.18·105 6.65·10−17 0.120 H2 -1.46·106 1.67·10−15 3.018
O3 -1.23·107 3.03·10−15 5.470 C3 7.23·106 5.23·10−16 0.946 H3 1.63·105 1.87·10−16 0.338
O4 -2.46·106 6.05·10−16 1.093 C4 5.03·106 3.64·10−16 0.658 H4 -1.36·106 1.56·10−15 2.821
O5 -2.21·106 5.42·10−16 0.980 C5 6.96·105 5.04·10−17 0.091 H5 6.64·105 7.61·10−16 1.374
O6 -1.86·107 4.58·10−15 8.273 C6 -2.42·106 1.75·10−16 0.316 H6 -1.58·106 1.81·10−15 3.275
O7 -4.83·106 1.19·10−15 2.143 C7 -5.51·106 3.99·10−16 0.721 H7 -1.42·106 1.63·10−15 2.939
O8 9.28·106 2.28·10−15 4.118 C8 1.45·106 1.05·10−16 0.189 H8 -2.66·106 3.04·10−15 5.501
O9 -1.52·107 3.73·10−15 6.737 C9 -8.77·105 6.35·10−17 0.115 H9 -5.30·105 6.07·10−16 1.097
O10 -1.45·106 3.57·10−16 0.645 C10 2.92·105 2.11·10−17 0.038 H10 2.18·105 2.49·10−16 0.451
O11 -1.63·106 4.01·10−16 0.724 C11 3.42·106 2.48·10−16 0.448 H11 1.73·106 1.99·10−15 3.590
N1 2.72·106 4.34·10−17 0.078 C12 2.71·106 1.96·10−16 0.355 H12 8.70·105 9.96·10−16 1.801
N2 2.71·106 4.32·10−17 0.078 C13 1.26·106 9.14·10−17 0.165 H13 -1.08·105 1.24·10−16 0.224
N3 6.76·105 1.08·10−17 0.019 C14 8.21·103 5.94·10−19 0.001 H14 -8.14·105 9.32·10−16 1.684
N4 -4.74·106 7.55·10−17 0.136 C15 -2.34·105 1.69·10−17 0.031 H15 -6.01·106 6.88·10−15 12.44
N5 -3.89·106 6.20·10−17 0.112 C16 -3.93·106 2.85·10−16 0.515 H16 -2.62·106 3.00·10−15 5.418
N6 3.99·106 6.36·10−17 0.115 C17 1.84·106 1.33·10−16 0.240 H17 -1.46·106 1.67·10−15 3.017
C18 1.04·106 7.52·10−17 0.136 H18 1.34·106 1.54·10−15 2.782
C19 9.48·105 6.87·10−17 0.124 H19 6.84·105 7.83·10−16 1.415
H20 6.43·105 7.36·10−16 1.330
H21 1.80·106 2.06·10−15 3.730
H22 7.33·106 8.39·10−15 15.16
H23 7.68·105 8.79·10−16 1.589
H24 1.69·106 1.93·10−15 3.494
TABLE XVIII: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in
C
m2
, and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 6. 1 ppm au of
β2σ(1p) = 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 -1.22·106 3.00·10−16 0.542 C1 -2.60·105 1.89·10−17 0.034 H1 -3.91·105 4.47·10−16 0.808
O2 1.24·107 3.04·10−15 5.500 C2 -8.26·104 5.98·10−18 0.011 H2 2.45·104 2.81·10−17 0.051
O3 6.69·106 1.64·10−15 2.968 C3 -3.42·105 2.47·10−17 0.045 H3 -1.08·106 1.23·10−15 2.230
O4 -9.17·105 2.25·10−16 0.407 C4 -1.07·105 7.78·10−18 0.014 H4 2.00·105 2.30·10−16 0.415
O5 -1.12·107 2.76·10−15 4.987 C5 1.67·105 1.21·10−17 0.022 H5 -2.65·104 3.04·10−17 0.055
O6 -8.51·106 2.09·10−15 3.775 C6 -4.11·105 2.97·10−17 0.054 H6 -2.07·104 2.37·10−17 0.043
N1 2.66·105 4.24·10−18 0.008 C7 -1.04·105 7.51·10−18 0.014 H7 -5.08·104 5.81·10−17 0.105
N2 1.57·106 2.51·10−17 0.045 C8 -8.26·104 5.98·10−18 0.011 H8 7.81·105 8.94·10−16 1.615
N3 -5.43·104 8.67·10−19 0.002 C9 3.82·104 2.77·10−18 0.005 H9 5.08·104 5.81·10−17 0.105
N4 -5.89·104 9.39·10−19 0.002 C10 1.60·106 1.16·10−16 0.209 H10 6.67·105 7.64·10−16 1.381
F1 -9.03·105 9.16·10−16 1.656 C11 -1.04·105 7.56·10−18 0.014 H11 -3.73·104 4.27·10−17 0.077
F2 -1.01·106 1.02·10−15 1.844 C12 6.07·104 4.40·10−18 0.008 H12 2.26·106 2.58·10−15 4.670
F3 -1.12·106 1.14·10−15 2.061 C13 -2.02·106 1.46·10−16 0.264 H13 -7.89·104 9.03·10−17 0.163
F4 -2.92·105 2.96·10−16 0.535 C14 2.17·105 1.57·10−17 0.028 H14 5.68·104 6.50·10−17 0.117
F5 -7.59·104 7.70·10−17 0.139 C15 5.99·105 4.34·10−17 0.078 H15 9.46·105 1.08·10−15 1.958
F6 7.84·104 7.95·10−17 0.144 C16 -3.12·104 2.26·10−18 0.004 H16 2.77·104 3.17·10−17 0.057
F7 -6.26·105 6.35·10−16 1.148 C17 6.50·104 4.70·10−18 0.009 H17 2.55·105 2.92·10−16 0.527
F8 -1.23·106 1.25·10−15 2.254 C18 -2.76·104 1.99·10−18 0.004 H18 1.06·106 1.21·10−15 2.183
F9 -7.37·105 7.47·10−16 1.351 C19 -1.42·104 1.02·10−18 0.002 H19 2.70·105 3.09·10−16 0.558
C20 -4.77·104 3.45·10−18 0.006 H20 3.70·105 4.24·10−16 0.767
C21 4.08·106 2.95·10−16 0.533 H21 5.85·104 6.70·10−17 0.121
C22 1.54·106 1.11·10−16 0.201 H22 1.59·106 1.82·10−15 3.285
C23 6.04·104 4.37·10−18 0.008 H23 -1.78·104 2.03·10−17 0.037
C24 7.91·105 5.73·10−17 0.104 H24 -1.91·104 2.18·10−17 0.039
C25 -5.66·104 4.10·10−18 0.007 H25 3.32·105 3.80·10−16 0.687
C26 -4.41·106 3.19·10−16 0.577 H26 8.84·104 1.01·10−16 0.183
C27 -4.57·104 3.31·10−18 0.006 H27 2.01·105 2.30·10−16 0.416
C28 -1.60·106 1.16·10−16 0.210 H28 4.55·105 5.22·10−16 0.943
C29 1.50·106 1.09·10−16 0.197 C39 4.24·105 3.07·10−17 0.055
C30 1.38·105 1.00·10−17 0.018 C40 -2.82·105 2.04·10−17 0.037
C31 9.90·104 7.16·10−18 0.013 C41 7.98·104 5.78·10−18 0.010
C32 6.50·105 4.71·10−17 0.085 C42 9.85·105 7.13·10−17 0.129
C33 -8.82·105 6.39·10−17 0.115 C43 -2.28·104 1.65·10−18 0.003
C34 3.63·104 2.63·10−18 0.005 C44 -2.40·104 1.73·10−18 0.003
C35 3.77·105 2.73·10−17 0.049 C45 4.57·105 3.31·10−17 0.060
C36 1.05·106 7.62·10−17 0.138 C46 1.68·105 1.22·10−17 0.022
C37 -9.26·105 6.70·10−17 0.121 C47 2.68·105 1.94·10−17 0.035
C38 4.61·105 3.34·10−17 0.060 C48 4.98·105 3.61·10−17 0.065
TABLE XIX: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 7. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 1.94·106 4.77·10−16 0.862 C1 2.13·104 1.54·10−18 0.003 H1 5.10·104 5.84·10−17 0.105
O2 -8.17·106 2.00·10−15 3.622 C2 -1.02·105 7.41·10−18 0.013 H2 -8.25·104 9.45·10−17 0.171
O3 -1.30·107 3.19·10−15 5.773 C3 -3.52·105 2.55·10−17 0.046 H3 -4.32·105 4.95·10−16 0.894
O4 1.89·107 4.65·10−15 8.399 C4 -5.22·105 3.78·10−17 0.068 H4 -2.28·106 2.61·10−15 4.720
O5 1.29·106 3.16·10−16 0.571 C5 -2.43·106 1.76·10−16 0.318 H5 -8.28·105 9.48·10−16 1.713
O6 -1.08·107 2.64·10−15 4.774 C6 -3.95·106 2.86·10−16 0.517 H6 -6.83·105 7.82·10−16 1.413
N1 -7.13·106 1.14·10−16 0.205 C7 -5.64·106 4.09·10−16 0.738 H7 -9.57·105 1.10·10−15 1.980
N2 1.39·106 2.21·10−17 0.040 C8 -2.09·106 1.51·10−16 0.273 H8 5.57·104 6.38·10−17 0.115
F1 -1.41·106 1.43·10−15 2.580 C9 -1.14·106 8.28·10−17 0.150 H9 -1.85·106 2.12·10−15 3.831
F2 -5.59·105 5.67·10−16 1.024 C10 -9.90·105 7.17·10−17 0.130 H10 -8.74·104 1.00·10−16 0.181
F3 -1.91·106 1.94·10−15 3.503 C11 -1.36·106 9.82·10−17 0.177 H11 2.39·102 2.74·10−19 <0.001
F4 1.35·106 1.37·10−15 2.467 C12 -2.79·106 2.02·10−16 0.365 H12 -3.26·105 3.73·10−16 0.674
F5 6.93·105 7.03·10−16 1.271 C13 -4.07·106 2.94·10−16 0.532 H13 -8.40·105 9.62·10−16 1.738
F6 1.86·106 1.89·10−15 3.408 C14 5.02·105 3.64·10−17 0.066 H14 -8.38·105 9.60·10−16 1.735
F7 -1.89·106 1.92·10−15 3.469 C15 5.22·106 3.78·10−16 0.683 H15 -1.15·106 1.32·10−15 2.379
F8 -4.38·105 4.45·10−16 0.803 C16 2.00·106 1.45·10−16 0.262 H16 -2.94·106 3.36·10−15 6.078
F9 -1.20·106 1.21·10−15 2.192 C17 -2.32·105 1.68·10−17 0.030 H17 7.56·104 8.66·10−17 0.157
S1 1.64·105 5.56·10−18 0.010 C18 2.01·103 1.45·10−19 <0.001 H18 -1.38·105 1.58·10−16 0.286
S2 -2.42·106 8.18·10−17 0.148 C19 1.55·104 1.12·10−18 0.002 H19 -6.71·105 7.69·10−16 1.389
S3 2.89·105 9.78·10−18 0.018 C20 -2.21·105 1.60·10−17 0.029 H20 -2.11·106 2.42·10−15 4.369
C21 -5.94·105 4.30·10−17 0.078
C22 -2.66·106 1.92·10−16 0.348
C23 -1.41·106 1.02·10−16 0.184
C24 -1.29·106 9.37·10−17 0.169
C25 -1.75·106 1.26·10−16 0.228
C26 -3.81·106 2.76·10−16 0.498
C27 2.65·104 1.92·10−18 0.003
C28 -1.74·105 1.26·10−17 0.023
C29 -5.58·105 4.04·10−17 0.073
C30 -6.39·105 4.63·10−17 0.084
C31 -2.65·106 1.91·10−16 0.346
C32 -3.73·106 2.70·10−16 0.488
C33 -5.36·106 3.88·10−16 0.701
C34 -1.90·106 1.38·10−16 0.249
TABLE XX: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 8. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 3.52·106 8.64·10−16 1.561 C1 2.55·105 1.85·10−17 0.033 H1 2.06·105 2.36·10−16 0.427
O2 -1.30·107 3.20·10−15 5.780 C2 1.34·105 9.73·10−18 0.018 H2 8.52·104 9.75·10−17 0.176
O3 6.14·106 1.51·10−15 2.723 C3 4.00·104 2.90·10−18 0.005 H3 -9.11·104 1.04·10−16 0.189
O4 -9.23·106 2.27·10−15 4.094 C4 3.84·105 2.78·10−17 0.050 H4 -7.40·105 8.47·10−16 1.530
O5 -1.42·107 3.48·10−15 6.284 C5 5.01·102 3.63·10−20 <0.001 H5 3.30·105 3.78·10−16 0.683
O6 2.31·107 5.67·10−15 10.25 C6 -1.60·106 1.16·10−16 0.209 H6 5.79·104 6.63·10−17 0.120
N1 -6.12·106 9.76·10−17 0.176 C7 -4.22·106 3.06·10−16 0.552 H7 -3.58·105 4.10·10−16 0.740
N2 1.22·106 1.94·10−17 0.035 C8 -1.68·106 1.21·10−16 0.219 H8 -2.02·106 2.31·10−15 4.175
F1 -4.69·105 4.75·10−16 0.859 C9 3.85·105 2.79·10−17 0.050 H9 -7.18·105 8.22·10−16 1.486
F2 -8.54·105 8.66·10−16 1.566 C10 1.32·105 9.53·10−18 0.017 H10 -3.98·105 4.56·10−16 0.823
F3 -2.02·106 2.05·10−15 3.711 C11 -9.30·104 6.73·10−18 0.012 H11 -7.99·104 9.15·10−17 0.165
F4 -1.22·106 1.24·10−15 2.244 C12 2.59·105 1.87·10−17 0.034 H12 1.74·106 2.00·10−15 3.605
F5 -3.24·105 3.29·10−16 0.595 C13 -1.10·106 7.98·10−17 0.144 H13 -1.72·106 1.97·10−15 3.554
F6 -1.62·106 1.65·10−15 2.976 C14 -3.34·106 2.42·10−16 0.437 H14 -1.60·105 1.83·10−16 0.330
F7 1.76·106 1.79·10−15 3.231 C15 -5.08·106 3.68·10−16 0.664 H15 1.12·105 1.28·10−16 0.231
F8 1.59·106 1.61·10−15 2.918 C16 -1.76·106 1.27·10−16 0.230 H16 1.53·105 1.75·10−16 0.316
F9 2.68·106 2.72·10−15 4.910 C17 -9.15·105 6.63·10−17 0.120 H17 5.28·104 6.05·10−17 0.109
S1 6.55·105 2.21·10−17 0.040 C18 -5.93·105 4.29·10−17 0.078 H18 -2.65·105 3.03·10−16 0.548
S2 1.10·106 3.71·10−17 0.067 C19 -4.28·105 3.10·10−17 0.056 H19 -8.44·105 9.66·10−16 1.746
S3 -2.16·106 7.29·10−17 0.132 C20 -1.44·106 1.04·10−16 0.189 H20 -4.51·106 5.17·10−15 9.338
C21 -1.03·106 7.44·10−17 0.134
C22 3.31·106 2.40·10−16 0.434
C23 8.18·106 5.92·10−16 1.070
C24 3.14·106 2.27·10−16 0.410
C25 -4.92·105 3.56·10−17 0.064
C26 -4.79·104 3.47·10−18 0.006
C27 1.79·105 1.29·10−17 0.023
C28 3.89·105 2.81·10−17 0.051
C29 8.25·105 5.97·10−17 0.108
C30 2.11·105 1.53·10−17 0.028
C31 9.73·104 7.04·10−18 0.013
C32 -1.83·105 1.32·10−17 0.024
C33 -3.97·105 2.87·10−17 0.052
C34 -4.61·105 3.34·10−17 0.060
C35 -1.11·106 8.04·10−17 0.145
C36 -3.63·106 2.63·10−16 0.475
TABLE XXI: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 9. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V| Atom β2σ(1p) |P| |V|
O1 -4.71·106 1.16·10−15 2.087 C1 2.62·106 1.90·10−16 0.343 H1 4.62·105 5.29·10−16 0.956
O2 6.28·106 1.54·10−15 2.787 C2 5.93·105 4.29·10−17 0.078 H2 1.37·105 1.57·10−16 0.284
O3 -7.83·106 1.92·10−15 3.475 C3 4.05·105 2.93·10−17 0.053 H3 -5.27·104 6.03·10−17 0.109
O4 1.60·107 3.92·10−15 7.088 C4 1.58·105 1.14·10−17 0.021 H4 2.61·106 2.99·10−15 5.402
O5 1.87·107 4.59·10−15 8.300 C5 -6.45·103 4.67·10−19 0.001 H5 7.83·105 8.97·10−16 1.621
O6 -2.63·107 6.46·10−15 11.68 C6 4.25·106 3.08·10−16 0.556 H6 1.91·105 2.19·10−16 0.396
N1 -3.66·105 5.84·10−18 0.011 C7 5.03·106 3.65·10−16 0.659 H7 -1.73·105 1.98·10−16 0.358
N2 7.47·106 1.19·10−16 0.215 C8 1.65·106 1.20·10−16 0.216 H8 2.83·106 3.24·10−15 5.850
F1 1.31·106 1.33·10−15 2.408 C9 2.33·106 1.68·10−16 0.304 H9 -1.85·105 2.12·10−16 0.383
F2 4.52·105 4.59·10−16 0.829 C10 6.12·105 4.43·10−17 0.080 H10 3.20·105 3.67·10−16 0.662
F3 1.15·106 1.16·10−15 2.105 C11 6.54·105 4.73·10−17 0.086 H11 7.64·105 8.75·10−16 1.581
F4 -2.16·106 2.19·10−15 3.956 C12 2.11·105 1.52·10−17 0.028 H12 -2.20·106 2.52·10−15 4.559
F5 -2.09·106 2.12·10−15 3.826 C13 -1.39·105 1.01·10−17 0.018 H13 2.61·106 2.99·10−15 5.402
F6 -3.05·106 3.10·10−15 5.593 C14 4.80·106 3.47·10−16 0.628 H14 1.30·105 1.49·10−16 0.270
F7 1.26·106 1.28·10−15 2.317 C15 7.14·106 5.17·10−16 0.934 H15 6.67·103 7.64·10−18 0.014
F8 1.53·106 1.55·10−15 2.806 C16 2.65·106 1.92·10−16 0.347 H16 2.81·105 3.22·10−16 0.582
F9 2.41·106 2.45·10−15 4.424 C17 1.63·106 1.18·10−16 0.213 H17 7.51·105 8.60·10−16 1.554
S1 -1.87·105 6.33·10−18 0.011 C18 1.72·106 1.25·10−16 0.225 H18 3.67·106 4.20·10−15 7.587
S2 -7.39·105 2.50·10−17 0.045 C19 3.71·105 2.69·10−17 0.049 H19 2.14·105 2.45·10−16 0.443
S3 2.54·106 8.59·10−17 0.155 C20 5.40·105 3.91·10−17 0.071 H20 6.37·105 7.29·10−16 1.318
C21 9.61·105 6.96·10−17 0.126 H21 3.24·105 3.71·10−16 0.670
C22 -3.84·106 2.78·10−16 0.502 H22 7.57·105 8.66·10−16 1.566
C23 -9.29·106 6.72·10−16 1.215 H23 1.01·105 1.16·10−16 0.210
C24 -3.75·106 2.71·10−16 0.490 H24 -1.37·105 1.56·10−16 0.283
C25 7.73·105 5.60·10−17 0.101 H25 1.41·106 1.61·10−15 2.910
C26 7.99·104 5.78·10−18 0.010 H26 1.78·106 2.04·10−15 3.691
C27 8.87·103 6.42·10−19 0.001 H27 9.19·105 1.05·10−15 1.902
C28 2.15·105 1.56·10−17 0.028 H28 4.47·105 5.12·10−16 0.926
C29 6.83·105 4.94·10−17 0.089 H29 3.95·105 4.52·10−16 0.817
C30 2.26·106 1.64·10−16 0.296 H30 6.59·105 7.55·10−16 1.364
C31 1.19·106 8.60·10−17 0.155
C32 9.88·105 7.16·10−17 0.129 C37 8.30·105 6.01·10−17 0.109
C33 1.55·106 1.12·10−16 0.203 C38 8.66·105 6.27·10−17 0.113
C34 3.94·106 2.85·10−16 0.516 C39 1.68·105 1.22·10−17 0.022
C35 5.25·105 3.80·10−17 0.069 C40 1.29·106 9.37·10−17 0.169
C36 4.60·105 3.33·10−17 0.060 C41 5.60·105 4.05·10−17 0.073
TABLE XXII: Values of β2σ(1p), expressed in ppm au, of the rotating electric polarization, expressed in C
m2
,
and of the induced voltage, expressed in µV, for non-lanthanide atoms of complex 10. 1 ppm au of β2σ(1p)
= 1.94469097 ·10−18m
V
.
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